Improving SWAT for simulating water and carbon fluxes of forest ecosystems, Sci Total Environ (2016), http://dx.doi.org/10. 1016/j.scitotenv.2016.06.238 Objectives:
• SWAT performance in simulating ET, NPP, NEE, and plant biomass was significantly improved by revision of relevant parameters and processes.
• Temporal patters of ET were better explained by the revised parameters than the default.
• Newly estimated NPP increased by >208% on average compared with the default simulations, or by 240-740 g C/m 2 /year over the ten sites.
• Plant biomass in the revised simulations increased to 7,807-12,354 g C/m2 from the average of 624 g C/ m2 in the default simulations.
• The new SWAT model explained up to 78.4% of the spatial variability in multi-year average NEE at the ten sites that represent a broad range of environment conditions (climate, soil, elevation, etc.) and multiple forest types.
• The study identifies unrealistic radiation use efficiency (Bio_E), large leaf-to-biomass fraction (Bio_LEAF), and missing phosphorus supply from parent material weathering as the primary causes for the inadequate performance of the default SWAT model in simulating forest dynamics.
Significance:
• This is the first study that has analyzed and revised the parameterization and process representation of forested ecosystems in the SWAT model.
• The overall satisfying agreement between model simulations and observations with the improved parameterization demonstrates SWAT's capability in reconstructing land/atmosphere carbon exchanges.
• In SWAT, carbon uptake through photosynthesis is limited by multiple factors including radiation use efficiency, N, P, water, and temperature; parameters related to these processes need to be accurately determined to improve SWAT simulations of forest water and carbon fluxes.
• Insufficient representation of nutrient cycling is another reason responsible for the underestimated carbon assimilation and biomass accumulation in the default simulations.
• In addition to identifying improvements in parameterization and P cycling representation of the existing forest module within SWAT, the study identifies that several aspects of the structure of SWAT could be improved to better simulate terrestrial carbon cycling, including refining the classification of forest types, detailing the definition of biomass carbon pools, and revising litter fall processes.
• The improved performance of SWAT in simulating forests, along with its existing strength in representing agricultural ecosystems, makes SWAT a powerful tool to understand terrestrial carbon dynamics in addition to water and nutrient cycling at the watershed scale.
• The new parameterization and phosphorus-cycling representation developed in this study lays the foundation for future integrated investigations of the coupled carbon, nutrient, and water cycling using SWAT, as well as setting the stage for additional research to further improve the structure of SWAT to mechanistically represent carbon cycling in forest ecosystems. 
